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Abstract 
This paper acquaints readers with the sub-results of the research survey, which was primarily devoted to the issue of acquiring 
pre-numerical imaginations of children with hearing impairment in pre-school age in the Czech Republic. In addition to the 
established time, the extent of their hearing loss, or type of a compensation aid, the indispensible factor affecting the level of pre-
mathematical imagination of children is family environment and the communication mode which is either used in its natural way 
or selected by the parents of the child. The survey study results of 12 deaf children and the control group of intact peers 
confirmed the dependency between the level of acquired language skills and the level of acquired pre-mathematical imagination. 
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1. Introduction 
Deaf children are less successful in mathematics in primary school compared with their intact peers (Nunes, 
2004). We can find the possible causes of their failure at pre-school age. In addition to its established time, the 
extent of their hearing loss, or the type of compensation aid used, the indispensible factor is the influence of family 
environment and ensuing natural or chosen communication mode. Given the development characteristics of a pre-
school age child, which is primarily accompanied by the development of motor skills and speech, in the following 
paragraphs we will deal with the issue of language skills of hearing impaired children in pre-school age and their 
effect on the achievement level of the acquired pre-mathematical imagination. The General Educational Programme 
for pre-school education became the key factor in the preparation of the empirical part of the work, which currently 
also fulfills the role of educational standards. 
According to Nebeska (1992) verbal development of a child is an integral part of cognitive and social 
development, which corresponds well with the view of Woll (in Gregory, 1990, page 62), who says that “language 
development is a key factor in cognitive and social development of deaf children“. The statements and opinions of 
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other experts in the field of education for children with hearing impairment (Marschak, Grosjean, Macurova, 
Potmesil etc.) lead us to believe that the level of language competence in pre-school children plays an important role 
in adopting the so-called informal mathematics and that deficiencies further deepen in both areas mentioned above, 
with the entrance of a child to school. In the area of language competences, based on "underdeveloped 
metalinguistic abilities of  a child, problems with reading skills may occur“ (Nebeska, 1992, page 101), and the 
influence can not be overseen in the teaching of mathematics. The field of informal mathematics upon entering 
school extends to the formal mathematics involved in the specific language of mathematics, which is indeed 
different from the natural language used in everyday communication. Therefore, we agree with the words of 
Potmesil (2004, page 41) saying that "everything that is connected with the upbringing and education of children, is 
based on concepts, and if we meet with the absence of concepts, it is not possible to build a knowledge apparatus in 
any learning subject or study field“. 
 
2. Communication skills in the context of the General Educational Programme for Pre-primary 
Education (GEP PE) 
The GEP PE deals with the language competencies of children in pre-school age in the entire chapter of 
Language and speech, at the end the expected outcomes are listed. A suitably chosen communication system and 
then the resulting educational approach i.e. oral method, total communication and bilingual approach are considered 
as the basic prerequisites for the successful acquisition of language competencies by a child with a hearing 
impairment. Current legislation through a School Educational Program (SEP) allows schools for hearing impaired 
children to implement all three concepts in practice, because the educational programs represent the school level of 
the GEP PE. The SEP is created by each school individually, according to the principles set out in the GEP (GEP 
PE, 2004).  Depending on the applied educational method and the type of communication system used, in the 
School Educational Programme it is needed to specify and make some changes in the definition of individual 
learning objectives and expected outputs. In kindergartens with an oral educational approach, educational 
objectives and expected outputs listed in the GEP PE, will probably be used in its original form or only with minor 
modifications. A somewhat different situation arises when applying a bilingual approach in the education of children 
with hearing impairment, which is based, according to law on the communication systems of deaf and deaf-blind 
persons (No. 155/1998 Coll. as amended by Act No. 384/2008 Coll.), in the respect of sign language as a natural 
means of communication. It defines Czech sign language as a "natural and adequate communication system 
consisting of specific visual-motion means, i.e. hand shapes, their positions and movements, facial expressions, the 
positions of  head and upper torso. Czech sign language has the basic attributes of language, i.e. signs and symbols, 
systemic, dual structure, productivity, identity and historical dimension, and it is fixed in terms of lexical and 
grammatical.“ The above definition implies the resolution of educational objectives and expected outcomes for a 
group of deaf children into two parts. 
The first part consists of the expected outputs for communication competencies in sign language, which must be 
modified with regard to the diversity of audio-oral and visual-motor system: 
-  Correct pronunciation, control of breath, pace and intonation of speech, 
-  Independently and meaningfully expression of thoughts, ideas, feelings, opinions and judgments in 
properly formulated sentences 
-  To understand what´s heard (to capture the main idea of a story, watch the story and repeat it in the right 
sentences) 
-  To formulate questions, to answer and evaluate verbal performance, verbally respond 
-  To learn new words and use them actively (asking about words they do not understand) 
-  To memorize short texts (to reproduce rhymes, songs, fairy tales, to handle a simple dramatic role), 
-  To tell a story, fairy-tale, 
-  To describe situation (real, according to a picture) 
-  To understand a verbal joke and humor, 
-  To distinguish by ears an initial and final syllables and sounds in words 
-  To form a simple rhyme, 
-  To identify and devise simple synonyms, antonyms and homonyms, 
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-  To conduct an interview (to listen, not to speak, if necessary, to monitor speaker and content, to ask 
questions) 
-  To communicate by words and gestures. 
I.e. to realize that we perceive Czech language by sound and produced by speech organs, while sign language is 
perceived by sight and is produced by movement (hand shapes and positions, eventually face, head and upper torso) 
(Stokoe, Meier in Okrouhlikova, Bimova, 2008). 
The second group includes the expected outcomes related to communication skills in Czech language, i.e. the 
development of the basic skills required for successful acquisition of reading and writing with comprehension: 
-  To keep the eyes from left to right, 
-  To distinguish certain symbols, to understand their meaning and their communicative function, 
-  To distinguish and know some letters and numbers 
-  To recognize their written name, 
-  To show interest in books. 
At the same time this approach corresponds to the bilingual approach to education. 
 
3. Pre-mathematical imaginations in the context of GEP PE 
From a development perspective, the creation of mathematical concepts is a part of the cognitive process that is 
in the GEP PE developed in the chapter of Cognitive abilities and functions, imagination and fantasy, thinking skills. 
From the expected outcomes, we show only those directly related to the creation of pre-mathematical imagination: 
- To understand basic numerical and mathematical concepts 
- Elementary mathematical context, and the practical use of them as needed, 
- To compare, sort and classify sets of objects according to certain rules, 
o orientation in elementary counting up to about six, 
o to understand number sequence in the range of the first ten, 
o to know what is more, less, first, last, etc. 
- To understand spatial concepts in the area and in the plane 
- (right, left, up, down, middle, behind, below, above, at, beside, between) 
- To partially orient in time, 
- To solve cognitive problems, tasks and situations, to think creatively, to think of "ideas“. 
At first glance, nothing prevents children with severe and profound hearing impairment from adopting them. Due 
to the nature of sensory defect, which is characterized by its deficiency of information, we consider it especially 
necessary in the area of pre-numerical imagination to expose pupils with hearing impairment to a greater extent of 
voluntary initiatives, under which the acquisition of mathematical concepts can be carried out. 
Nursery schools and parents are involved in the development of the pre-numerical imagination of pre-school 
children, whose mastery we consider one of the prerequisites for success in school mathematics. Parents of children 
with severe hearing impairment find themselves in a difficult situation, when they have to create a sufficiently 
stimulating environment that will allow a child to develop mathematical and logical thinking. 
 
4. The aim of the research 
In the context of school failure of children in mathematics of Minarova (2002), children with hearing impairment 
achieved a lower level in reading with comprehension compared with intact population (Furth, 1966, Sandersova, 
1988, Tarcsiova, 2007), we decided to verify the hypothesis: There is a dependence between the level of acquired 
language skills and level of acquired pre-mathematical imagination in the monitored sample of children, i.e. 
children with hearing impairment and a control group of  peers with normal hearing. 
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5. The Research Sample 
Twelve children with hearing loss greater than 70 dB at the age of 3 to 6 years participated in the research, 
regardless of the compensation aid type used. Four children from a deaf environment used sign language to 
communicate. Normal hearing parents of seven children with a cochlear implant preferred oral form of 
communication. 
 
6. Research Methods 
For the research in language skills, we used a modified standardized test for children with severe hearing 
impairment, i.e. Carolina Picture Vocabulary Test. To diagnose the pre-mathematical imagination of the surveyed 
sample of children, we used sub-tasks from the Test of Early Mathematics Ability (TEMA 3: Test of Early 
Mathematics Ability), which based on expected outputs of the GEP PE we complemented with the newly created 
entries devoted to the issue of pre-mathematical imagination.  
 
7.  Analysis and interpretation of results 
To verify our hypotheses, we first determined the level of pre-mathematical imagination and the level of (word or 
character) conceptual inventory of children with a hearing impairment. An analogous investigation was also 
performed in the control group of children with normal hearing. Our obtained results were then statistically 
processed, i.e. for processing we used the Spearman´s coefficient and tables with an approximate interpretation of 
the correlation coefficient (Chraska, 2007), and we typified it in Figures 1 and 2. Tightness of the relationship 
between the two variables can be described as 'Moderate' dependence in both monitored groups. 
 
 
Figure 1: The relationship between the word / character inventory and the level of pre-mathematical imagination of children with a hearing 
impairment 
Therefore we would like to say that the level of pre-mathematical imagination of children with a hearing 
impairment in pre-scholars is influenced by the achieved level of their language competencies. The results of 
the research correspond with the research findings of Genovese et al. (2005) and Kramer and Grote (2009) who 
consider the area of communication and interaction with the environment as one of the main aspects affecting the 
level of mathematical concepts in children with a hearing impairment. 
An interesting insight into the issue is brought by a more detailed analysis of the results, which surprisingly 
showed that children with a hearing impairment do not show significant differences in numeracy skills, 
but in knowledge of basic mathematical concepts. In layman's terms in prepositions and adverbs (right, left, 
up, down, middle, behind, below, above, at, beside, between), which form a basis for further development of 
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formal mathematical skills. A child, however, primary acquires these terms in regular communication within 
the awareness of their body structure and relationships in the plane and space. 
 
 
Figure 2: The relationship between vocabulary and the level of pre-mathematical imagination of intact children 
The basic cause of the failure of deaf children in the area of mathematical concepts, which is primarily based on 
knowledge of prepositional phrases, we see in a different modality, i.e. audio-oral and visual motor, Czech and sign 
language. In sign language there are virtually no prepositions and there are significant differences in 
grammar. Sign language express grammar in space and non-manual component, and it is largely simultaneous, 
unlike spoken language, which is predominantly linear (Fikejs, 2006).  
While hearing children learn prepositional phrases from early childhood, often by unwittingly listening to 
adults, a child with severe hearing impairment, whose natural language is sign language, learns prepositions 
of Czech language within targeted learning of the Czech language in kindergarten. Often in the age of 5 
years, this is regarded by teachers as preparatory for the transition to primary school. 
A separate group is formed of deaf children of deaf parents. Although they know their mother sign 
language at a level corresponding to physiological age of a child, the acquisition of pre-mathematical 
imagination, which is based primarily on Czech language for them represent a meeting with a foreign 
language. Fundamentals of attitude to Czech as a foreign language, however, are passed to a small child 
especially by parents, or by members of the Deaf community. 
 
8. Conclusion 
Based on the results and observations of children, we conclude that the type of compensation aid used is 
not decisive for the development of pre-mathematical imagination and it can not be confused with the level 
of communication skills, on which in children of preschool age, natural and direct communication and 
interaction with the closest people to them, i.e. family, are primarily involved. The results confirmed that the 
level of pre-mathematical imagination of children with a hearing impairment in preschoolers is influenced by the 
achieved level of their language skills. The results of the research correspond with the research findings of Genoves 
et al. (2005) and Kramer and Grote (2009) who consider the area of communication and interaction with the 
environment as one of the main aspects affecting the level of mathematical concepts in children with a hearing 
impairment. 
The above findings are closely related to the currently debated issue of the GEP PE and GEP BE, called the 
General Educational Programme for Basic Education. The adoption of these documents undoubtedly contributed to 
a substantial change in the education system of children with hearing disabilities in the Czech Republic, which gave 
them the opportunity to receive a full education. In relation to the key competencies of the GEP PE and specific 
features in the development of children with a hearing impairment, however, we are aware of their relativity. In 
developing the school curriculum, on which all nursery schools included in the research sample are working since 
2006/2007, and individual education plans of children with a hearing impairment, the individual skills and their 
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performance should be seen in the context of the communication system used by children with hearing impairments. 
If, upon entry to primary school a child has not sufficiently mastered basic language and cognitive skills which are 
essential for the development of formal mathematical knowledge, it is necessary to first develop the skills in the 
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